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Work Hardening and
Heat Treatment - Steel
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The service properties of the tine require it to be abrasion resistant and
tough. Describe a suitable heat treatment process and the resultant
change in structure in the tine.
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© b A stel dive shat fo he am i hest wated o improve s service 2

propertis.
 Outine a sitable e esment rosess for s purpse.
Heal reatment of drive shaft -

5 Through het reatment - shafthas cacbo content > 0.4 and < 0.8%. Shafts heated o
approimately 850°C, sosked, quenched in wate,immediately ebested to 400°C, soaked
and cooled. Produces tempered martenst.

- shaftbascarbon content of > 0.4 and < 0.8%, Shaft hated 1 = 850°C, soaked, quenched
in ol eheated 10 200°C and cooled. Producs tempered baiite

. Case hardening —induction hardened.

‘Shaft has carbon content > 0.4% and < 0.8%. Plsce in inducion ring which beats over
surface ofseelto = J00°C, leaving coreat mach lowes tmpecsture, Wates spray quencies
e hot metl forming & masensie skin with a rttelpestic core.

il Case hardering - cas carburied — shaf ha carbon content < 0.2%, heated and sosked in.
Carbon ich simosphere furaace, Case of shaf iocreass in carbon conlen, coreremains
Tow. Job is quenched t produce mariensite case and fine pealice core.
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‘The cross-section of a piece of 0.7% carbon steel railway track s shown.
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Head S—— Martensite microstructure

Ferrite and pearlite microstructure
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LA .
Name and describe a heat treatment process that could have been used to 3
produce the mertensite microstructure in the head.
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The structural steel I-beams used to make the crane were hot-rolled then
‘normalised.

Explain why normalising was chosen as the hieat weatment process, Support
‘our answier with a labelled skeich of the resuling microstructure.

Normalising of a steel beam produces a fine uniform grain structure that produces an
increase in strength through grain size strengthening. It is economical when
cormpared 10 other methods of srengthening. It elieves strss.
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Gears used in automotive engines ca be manufactured using ferrous alloys,

(i) Sand casting and powder metallurgy are methods that can be used. 4
Compare the properties of the gears manufactured by each method.
Sandcasting

« Poorer surface finish
« s castgrains can produce planes of weakness
* Less dimensional accuracy

* Subject to Inclusions and defects during casting

Powder Metallurgy

+ Reguires minimun to no further machining
+ Canuse a wide range of pulley combinations that are difficult to cast.
« Can produce porous products for self lubricating bearings.

(ii) Adter manufacture the gears are case hardened. 3

Describe how case hardening produces the required structure-property
relationships for this application.

Methods of case hardening used on gears

 Carburising ~ used for gears with low carbon steel. Gears are heated to red heat then placed
in a carbonaceous powder/atmosphere. The carbon diffuses into the outer surface
producing 2 hard martensitic surface on quenching and cooling. The core remains soft,
ductile and tough

«  induction/Flame Hardening - used for gears with sufficient carbon content to harden (.5-
6%). The surface is heated to red heat by flame or electric induction then quenched to
produce a hard martensitic case and a soft, tough core
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‘Which row of the table correctly describes the property changes that occur afer tempering
quench-hardened steel?

Toughness Hardness
@ | mereased Minimal loss
B.
c
D.

Minimal loss | Tncreased

Increased Increased

Minimal loss | Minimal loss
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Briefly explain why forged components are often normalised before.
machining akes place.
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With reference to the structure, explain why steel in the nosmalised
state is stronger and harder than in the annealed condition.
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A railway track has rails made of 0.8% carbon stecl.

(a) The surface of the. rails has been induiction heated and water quenched. Describe
the final structure and propecties of the rail.
ral). as. a reild
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